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Sulfur belongs to the VIB subgroup of the periodic table and has
the electronic configuration [Ne] Ss^ 3p^ in the free atom. This is an
M shell and in the ground state it has five empty 3d orbitals which are
available for bond formation. The use of 3d orbitals in bonding is
termed "expansion of the sulfur outer shell."^
Energy Considerations
Arndt and Eistert^ pointed out that since argon is chemically
inert, the energy of promotion of the electron to a 3d orbital should
be prohibitive and hence sulfur does not increase its valence shell.
In their classic theoretical paper, however, Craig et alusing argu¬
ments based on overlap integrals, showed that d orbitals in atoms such
as sulfur and phosphorus could be used for p-d bonding. It was apparent,
however, that if a free sulfur atom were taken as the model for sulfur
in its bonding state, the size of the 3d orbitals was such that they
would be too diffuse to play an important role in bonding. For example,
the distance from the nucleus to the radial maximum of the atomic
orbitals of sulfur was calculated as 1.5 atomic units for the 3p orbitals
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but 5.5 atomic units for the 3d orbitals. The second value is far too
large to permit effective bonding involving a 3d orbital. In a later
model, Craig and Magnusson^ described the polarization of such diffuse
orbitals by electronegative substituents such that overlap of the con¬
tracted d orbitals with an adjacent 2p orbital would provide effective
bonding of either the a or tt type. The effectiveness of the bonding
1
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would also be determined by the energy of promotion of an electron into
a 3d orbital. The promotional energy is related to the nuclear charge
so that as nuclear charge increases, the promotional energy decreases to
a point where the energy resulting from bond formation overbalances the
energy of promotion. Therefore, for maximum bonding using d orbitals
of sulfur, the latter's substituents should be strongly electronegative
and/or the sulfur atom should carry a positive charge. Consistent with
this picture is the observation that the tetrafluoride and hexafluoride
of sulfur are known but the chlorides and bromides are unknown. The
hexacovalent compound SFg exists because two electrons are promoted to
3d orbitals and sp^d^ hybridization occurs.
Conjugative Effects
If an atom can supply electrons in a 2p orbital, the electrons can
bond into the vacant sulfur 3d orbitals, thereby forming a 2p-3d ir bond
(see Fig. 1). The formation of this it bond has been suggested to explain
c
conjugative effects attributed to many sulfur compounds.°
Fig. 1. A dir - ptt overlap.
The three major types of conjugation are;
3
C X < —> —C = X; Electron pairing
C X <- > -C = X; Electron accepting
I I
We will consider the last two types which involve the expansion of the
sulfur valence shell.
Experimental Evidence for D Orbital Overlap
The electron pairing conjugation involves the use of a 3d orbital
on sulfur. A 2p-3p tr bond is formed between sulfur and carbon, leaving
the unpaired electron in a 3d orbital. The electron accepting conjugation
involves the formation of a 2p-3d ir bond or a 2p-3p ir bond with a lone
pair of unshared electrons left in a 3d orbital.®
Sulfonium salts and sulfoxides exhibit geometry consistent with p3
sigma bonding. The positive charge on sulfur in the sulfonium salts and
sulfoxides increases the tendency of these compounds to exhibit electron
accepting conjugative properties.




Structure II could be the result of 2p-3d tt bonding with the unshared
electrons left in the 3s orbital or 2p-3p tt bonding with the unshared
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pair having some 3d character® and the a bonds being of the sp^ type.
The positive charge on the sulfur atom in sulfones accounts for the
electron accepting conjugative effects exhibited by sulfones. The
effects are small and due to structure like IV.
G> & €> O
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There is abundant evidence that sulfur has a strong activating
influence on the hydrogen atoms of an a-carbon atom. Woodward and
Eastman^ found that when a, e' dicarbomethoxymethyl ethyl sulfide (V)
undergoes Dieckman cyclization at low temperatures, the product, VI,




This shows that of the two possible anions (VIII and IX) the latter, in






The fact that the acidifying effect of sulfur is greater than that of
oxygen is contrary to expectations from considerations of inductive
effects. Thus, Brehm and Levenson® reported that the Dieckman cycliza-
tion of X gave XI as product but not XII. These results can be
explained on the basis of an electron-accepting resonance conjugative
effect stabilizing the negative charge on the carbon adjacent to the




Convincing evidence of expansion of the sulfur outer shell is
furnished by the behavior of aryl or alkylmercaptoacetylenes towards
nucleophilic agents.^ Addition always takes place at the 3-carbon
atom, whereas in the case of acetylene ethers, the nucleophilic group
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reacts with the a-carbon atom. The mercapto groups appear to facilitate
the polarization of the triple bond by approaching nucleophiles by the
expansion of the outer valence shell of the sulfur atom producing the
resonance structure XIII. This explanation is also in accord with the
increased rate of reaction as compared to acetylene itself.
+ ®
HC = C = S R
XIII
Only the opposite polarization is possible in the oxygen analog because
oxygen cannot expand its outer shell.
HC = C = b R
e ^
XIV
According to Parham and Motter^ the swelling effect is said to be
responsible for the addition of alkyl lithium compounds to phenyl vinyl
sulfide. Analogous vinyl ethers do not undergo this reaction.
C5H5SCH = CH2 + RLi » C5H5SCHCH2R
Li
The driving force is the stabilization of the intermediate carbanion
on XV by sulfur electron accepting conjugation.
C6H5SCHCH2R < ► C6H5—S = CHCH2R
XV XVI
Thiophene has been the subject of a large number of theoretical
investigations. In fact, the first suggestion of an expanded shell in
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double-bonded sulfur was made in connection with thiopheneJ^ In 1939
Schomaker and PaulingJ® on the basis of dipole moment data postulated




Ten years later, Longuet-Higgins^^ explained the similarity of thiophene
to benzene on the basis of resonance contributions involving bonding
into the sulfur 3d orbitals. In short, while the ir molecular orbitals
of benzene can be derived from six ethylene molecular orbitals (the two
types are shown in Fig. 2), the u molecular orbitals of thiophene can
be constructed by substituting two of the six ethylene orbitals (one of
each type) for a pair of sulfur orbitals of similar symmetry, dimensions,
and binding energy (Fig. 2).
Fig. 2. Ethylenic tt Molecular Orbitals and the Corresponding Orbitals
on Sulfur.
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When sulfur is linked by single bonds to three atoms, it bears a
positive charge. Theoretically this charge should favor the utilization
of d-orbitals, and indeed there is abundant evidence for expansion of
the sulfur outer shell in sulfonium compounds.
The reaction of 2-bromoethyldimethylsulfonium ion with hydroxyl
ions leads to vinyldimethylsulfonium ion.^
BrCH2CH2SCH3 > CH2 — CHS(CH3)2
+
This is a biomolecular elimination.^ The evidence of expansion can
also be seen in the reverse reaction: vinyldimethylsulfonium ion adds
nucleophiles 10^ times faster than vinyltrimethylammonium ion.^ The
mechanism of the reaction probably involves the stabilization of the
intermediate XX by d orbital resonance.
+
B" + CH2 = CHS(CH3)2
- +




Bordwell and Boutan^^ have shown that while m-trimethylaminophenoT
is more acidic than its para isomer, presumably due to inductive effects,
m-dimethylsulfoniophenol is less acidic than its para isomer. The
greater acidity of the para isomer can be explained by proposing conjuga-
tive delocalization of the free electron pair of the phenoxide ion into
the 3d-orbitals of the sulfur atom as in XXII. Such a conjugative








Many nitrogen and phosphorus ylids have been made. The phosphorus
ylids in general exhibit greater stability than the nitrogen ylids.
This could be explained on the basis that phosphorus ylids can utilize
d-orbital resonance forms involving the expansion of the valence shell
of phosphorus to stabilize the molecule.
Ramirez and Levy^^ measured the dipole moment of triphenyl phos-
phonium cyclopentadienylidide (7.0 D). The ylid is so stable that it
is unreactive to hot alcoholic potassium hydroxide. In addition, the
ylid would not undergo a Wittig reaction with carbonyl compounds. Its
ylid character was evidenced by its solubility in dilute aqueous acid.
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The ylid could not be hydrogenated with hydrogen over platinum. The
unique stability of the ylid can be attributed to the importance of
resonance structure XXV, an aromatic cyclopentadienyl anion form.
However, the large dipole moment seems to indicate that the ylid
structure XXIII is much more important than the ylene structure XXIV
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XXIII XXIV XXV
Suld and Price^^ described the reaction of phenyl 1ithiurn with
2,4,6-triphenylthiopyrylium perchlorate (XXVI) to form 1,2,4,6-tetra-
phenylthiabenzene (XXVII), as a deep purple amorphous solid, which was
soluble in nonpolar solvents. The thiabenzene was relatively unstable.
It could be kept under nitrogen for a week but the color slowly faded
and isomeric 2- and 4-thiopyrans (XXVII(a)(b)) were isolated.
n
Alkyl Grignard reagents reacted rapidly with 2,4,6-triphenylthiopy-
rylium salts to form intensely colored (red or purple) solutions whose
color faded rapidly to yellow. The products isolated were 2- and
4-alkyl thiopyrans. It was thought that the thiabenzenes were formed
but rearranged to form the isomeric thiopyrans in the following manner:
R = CHgj C2H5, n - C^Hg
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When oxygen^^ was bubbled through a fresh ether solution of XXVII,
t
the color rapidly discharged. The authors proposed the formation of a
transannular oxidation product XXXI. The "peroxide" underwent rapid
reaction when dry hydrogen chloride was passed into the ether solution
precipitating the compound XXXII and liberating phenyl mercaptan. The





















The isolation of the phenyl mercaptan indicated that one of the phenyl
groups in the thiabenzene, presumably that from the phenyllithium, must
have been attached to sulfur or must have migrated to it during the
oxidation procedure.^®
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Price ^ reported the preparation of four new thiabenzene
derivatives: 1-phenyl-l-thianapthalene (XXXIV), 2-phenyl-2-
thianapthalene (XXXV), lO-phenyl-lO-thiaanthracene (XXXVI), and 9,10-
diphenyl -10-thiaanthracene (XXXVII). All of the thiabenzene deriva¬
tives were prepared by the reaction of the corresponding thiopyrylium
salts with phenyl lithium.
XXXVI, R = H
XXXVII, R = C5H5
These systems were much more stable to heat, light, oxygen, and even
boiling acetic acid solution thdft 1,2,4,6-tetraphenyl thiabenzene. All
were red-brown solids which were capable of isolation and purification.
The dipole moments^^ of all four of the thiabenzene derivatives
were measured and found to be between 1.5 and 1.69 D while that of
1,2,4,6-tetraphenylthiabenzene was found to be 1.88 D. This is far
less than values of nearly 7 D reported for other ylids^^ and indicates
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a very substantial covalent character for such compounds.
The covalent aromatic structure for the five thiabenzenes is
strongly supported by nuclear magnetic resonance data. All five show
only aromatic-type hydrogen absorption with absorption shifted down-
field from tetramethylsilane to about 76. This seems to argue
strongly that the conjugated cyclic system of ir-electrons responsible
for this shift for hydrogen attached to aromatic rings must also be
present in the thiabenzene ring. In view of the chemical stability and
the above physical properties, it is apparent that while these compounds
might be represented as resonance hybrids of at least two important
contributing types, XXXVIII (a, b) and XXXIX, the covalent types
(XXXIX) must be the most important.
XXXVIII (a) XXXVIII (b) XXXIX
1ft
Polk ^ al. reported the synthesis of 1-phenylthiabenzene XLII,
the primary ring system of the thiabenzenes, by reaction of thiopyrylium




XL, X" = I-





The thiabenzene, (XLII), was more stable to heat, oxygen and light
than 1,2,4,6-tetraphenylthiabenzene and, like the thianapthalenes and
thiaanthracenes, was a red-brown amorphous solid. The proton resonance
near 7.25 is characteristic of aromatic protons and indicates that a
cyclic ir-electron system is present in XLII. This supports the existence
of aromatic type through conjugation in the molecule. This is also
supported by the low dipole moment of 0.8 D.
The marked difference between properties of 1,2,4,6-tetraphenyl¬
thiabenzene and the other thiabenzene derivatives was attributed to
the fact that bonding in 1,2,4,6-tetraphenylthiabenzene was different
from that in the other thiabenzenes due to steric hindrance of the two
0-phenyl groups preventing the S-phenyl group from being coplanar with
the thiabenzene ring. It was proposed^^ that 1,2,4,6-tetraphenylthiaben¬
zene used p3-orbitals for sigma bonding, d-orbitals for cyclic conjugation
while retaining its unshared pair in a 3s-orbital. The lack of steric
hindrance to coplanarity in XLII and other thiabenzenes allows the rings
1 Q
to be coplanar or at least coaxial. This permits XLII and the other
thiabenzenes to involve more effective rehybridization of the sulfur
p
atom to utilize the sp*^ orbitals for sigma bonds, the 3d-orbitals for
the unshared pair of electrons and the 3p-orbital for cyclic conjugation.
The second type bonding, 2p-3pTr bonding,was expected to provide better
overlap and as a result a more stable molecule than the first type which
has 2p-3diT bonding.
Breslow and Mohacsi^^ have questioned the existence of any
appreciable cyclic conjugation in the sulfones. They used competitive
deuterium effects to study the acidities of XLIII, its cyclic analog
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XLIV, XLV, and its cyclic analog XLVI.
XLIII
C6H5SO2CHSC6H5
They argued that the carbanions derived from XLIV and XLVI should have
contributions from resonance forms of the type XLVII, and if such a system
was strongly stabilized by cyclic conjugation, then this should be
reflected in increased acidity of XLIV and XLVI. They reported that the
analogs exhibited essentially the same acidities in both cases. They
therefore concluded that the anions of XLIV and XLVI had no special
stability because of their cyclic conjugation, and were, in that respect,
not aromatic systems.
on
Craig and Paddock,using molecular orbital calculations, showed that
there can be a second type of aromatic system: cyclic polymers (AB)^,
which have no preference for 4n+2 electrons and which utilize dir-pTr bond¬
ing. They used as an example the phosphonitrilic chlorides (NPCl2)p
(XLVIII) where n=3 and 4. They proposed that each phosphorus atom uses
two drr orbitals to form tt bonds with nitrogen ptt orbitals to form an
aromatic system. They stated that there was no planar requirement for
this type of aromaticity.
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Craig^^ also reported that thiazylhalides (e.g. XLIX) form an aromatic
system.
However, Dewar et using molecular orbital calculations,
pointed out that each phosphorus atom in the phosphonitriles makes use
of two du-orbitals in forming ir-bonds and that these interact with the
nitrogen pir-orbital to give a system of weakly interacting three center
TT-bonds embracing two phosphorus atoms and a central nitrogen atom.
According to the authors, such a situation is similar to the localization
of valence electrons in methane in two center o-bonds. They therefore
argued that these compounds were not aromatic since there was a break in
conjugation of each phosphorus atom, implying that adjacent three center
TT-bonds need not be coplanar. They concluded that no significant
through conjugation should be observed in cases involving dir-pir Tr-bonding
between groups attached to the central atom by dir orbital bonding.
Suld and Price^^ pointed out that the argument against through
conjugation based on the non-interaction between orthogonal 3d-orbitals
could not hold. This non-interaction, they said, is dependent on the
symmetrical nature of the 3d-orbitals, but since two 3d-orbitals
involved in overlap with adjacent 2p-orbitals become distorted in the
process of 2p-3d ir-bonding, their interaction no longer vanishes. The
hybrid and 3dy2 orbitals involved in such tt bonding to adjacent
2p2-orbitals can be viewed as "pseudo-ir" rather than normal 3d-orbitals
for the purpose of constructing a cyclic conjugated aromatic system.
They also proposed an alternative scheme which might provide through
conjugation in thiabenzenes. This involved the rehybridization of the
sulfur bonding electrons so that the sigma bonds are sp2 rather than p^.
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the unshared electrons are promoted to 3d-orbitals and the 3pz-orbital
is available for cyclic conjugation.
Hortmann^^ reported the synthesis of l-methyl-3,5-diphenylthia-
benzene-1-oxide (LII) by the reaction of 1,3-diphenylpropynone (L)
with dimethyloxosulfoniurn methylide (LI),
Ph~C Ph + CH2
0
LII
Nuclear magnetic resonance (CDCI3) signals of LII were at delta
7.15-7.65, 6.19, 5.75 and 3.50. Refluxing of LII with D20-CH30D-Na0H
followed by aqueous work up gave 5-d3 in which the methyl hydrogens were
exchanged. A solution of LII in acetic-d^ acid showed disappearance of
the signals at delta 5.75 and 6.19 and appearance of a broad singlet at
delta 8.0 due to rapid exchange of the S-ring protons.
Hortmann's thiabenzene-1-oxide was remarkably stable compared to
LIII (a) and (b).
19
R
LIII (a) R = CH3
LIII (b) R = CgHg
Whereas LIII (a) and (b) rearranged readily at 25° to yield thiopyrans,
LII could be evaporatively distilled at 160° (0.05mm) without decomposi¬
tion. It was also stable to air, yellow in color and crystalline.
Hortmann concluded that the behavior of LII in acidic media and
the nuclear magnetic resonance peak positions (in CDCI3) for the S-ring
protons suggested ylid-like character for LII. However, he admitted
that the possibility of some cyclic aromatic conjugation involving the
use of 3d orbitals by sulfur could not be discounted.
Treatment of LII with 1 mole equivalent of trichiorosilane in
refluxing benzene afforded a 3:2 mixture of 2H- and 4H-3,5-diphenyl-
thiopyrans (LIV and LV) from which LIV was isolated.Reaction of
LII
LIV with methyl iodide-AgBF/^ gave 1-methyl-3,5-di phenyl-2H-thi ini urn
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tetrafluoroborate (LVI) from which 1-methyl-3,5-cliphenyl thiabenzene








The generaged thiabenzene (LVII) was never isolated but conversion
of LVI to LVII was observed in a nuclear magnetic resonance tube under
nitrogen in DMS0-d5. Hortmann reported the observance of an orange
solution which showed nuclear magnetic resonance peaks at delta 1.73,
4.03, 6.18 and 7.21-7.82. Addition of aqueous HBF^ to the solution of
XLVII after one hour at 35° led to the regeneration of LVI.
When a solution of LVII in DMS0-d5, obtained as described above,
was treated with D2O, H-2,6 and H-4 of LVII were found to undergo ex¬
change for deuterium, and no exchange of the 5-methyl protons was
detectable. The thiniin salt (LVI) also underwent very slow exchange
of H-2,4 and H-6 under similar conditions indicating that an equilibrium
between LVI, and LVII and the 4H isomer of LVI probably occurred.
Addition of acetic acid-d to a solution of LVII in DMS0-d5
resulted in its rapid conversion to LVI-d4 (delta 3.00 and 7.2-7.8) with
no detectable incorporation of deuterium in the S-methyl group.
Hortmann concluded that the nuclear magnetic resonance spectra and
deuterium exchange results described above indicated especially high
shielding of H-2,6 and pronounced carbanionic character for c-2,6 and
21
and C-4 in LVII; thus suggesting that the ylid-type bonding was
predominant in both LII and LVII.
Therefore, we decided to attempt the synthesis of 1-arylthiabenzenes
which would be more stable than the 1-alkylthiabenzenes. We hoped to
study the properties of these compounds to determine whether the bonding
was aromatic or ylid-type by examining their infrared, ultraviolet, and
nuclear magnetic resonance spectra. We were particularly interested in
preparing a thiabenzene that was fully substituted and yet less
sterically hindered and much more stable than 1,2,4,6-tetraphenylthia-
benzene. We decided to prepare 2,4,6-trithiomethyl-l,3,5-triphenylthia-
benzene which we hoped would be more stable than 1,2,4,6-tetraphenyl-
thiabenzene, thus enabling us to study and compare its properties with
those of the latter.
DISCUSSION
Thiopyrylium cation was first prepared by Petit through expansion
of the thiophene ring.^^ The synthetic route used by Petit was similar
to that employed by Dewar and Petit for the synthesis of tropylium
salts^® and is outlined in the following scheme.
+ r
LXI
The ester, LVIII, prepared through a modified procedure of
Steinkopf and Augestad-Jensen,was heated with hydrazine and alcohol
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for four hours. The alcohol was removed under reduced pressure and, on
cooling the residue, the hydrazide (LIX) was obtained as white needles.
The hydrazide was reacted at 0° with nitrous acid generated by sodium
nitrite and acetic acid in water and benzene.
Luttringhaus and Engelhard^S reported the synthesis of thiopyrylium
perchlorate in two ways, shown in the following scheme.
Tetrahydrothiopyran-3,5-dione (LXII) was reacted with lithium
aluminum hydride to yield A^dihydrothiopyran-S-ol (LXIII). The dihydro-
thiopyran (LXIII) was reacted with trityl perchlorate to give thiopyry¬
lium perchlorate, LXIV. Also, LXIII was reacted with monoperphthalic
acid to yield the sulfoxide LXV which was reacted first with sulfuric
acid and then perchloric acid to give thiopyrylium perchlorate. The
report did not include directions for running the reactions or yield
data.
29
Keijor ^ reported the synthesis of the parent heterocyclic
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system, thiopyran (LXVII). They reported that glutardialdehyde was
reacted with hydrogen chloride and hydrogen sulfide in methylene
chloride solution at -50° to prepare 2,6-dichlorotetrahydrothiopyran













Degani et aj_. reported the synthesis of thiopyrylium cation by
two routes. They reacted thiopyran with phosphorus pentachloride in
carbon tetrachloride at room temperature to obtain thiopyrylium chloride
in greater than 90 percent yield. They reported that thiopyrylium
perchlorate and iodide could easily be made by treating an aqueous
solution of the thiopyrylium chloride with perchloric acid (70 percent)
and hydrogen iodide solution, respectively. The authors also reported
that thiopyrylium cation could be obtained by reduction of thiopyran-4-
one with aluminum hydride to the alcohol (LXVIII) and the latter, by
treatment with perchloric acid or hydrogen iodide solution, was
converted to thiopyrylium perchlorate or iodide, respectively (LXIX).
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Molenaar and Stratialso reported the synthesis of the thiopy-
rylium cation from thiopyran by dissolving it in chloroform and treating
the chloroform solution at -40° with a solution of chlorine in chloro¬
form. They obtained thiopyrylium chloride in an almost quantitative
yield. The thiopyrylium chloride was converted to the iodide by treating
the aqueous solution with potassium iodide solution. They also reported
that when thiopyran and iodine were dissolved in a mixture of acetone
and water, the iodine color disappeared in about one hour and thiopyrylium
iodide was isolated.
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Teague and Tucker^^ using the method described by Apitzsch^^
reported the synthesis of 2,4,6-trithiaalkylthiopyrylium salts,
according to the following scheme.
0 CgH
i/OH


















R = CH3, C^Hg
X-= I, BF^
The 2,6-dithioalkyl-3,5-diphenylthiopyrones (LXXI) required for
the preparation of 4-thiothiopyrones (LXXII) were obtained by reaction
of 2,6-dithiol-3,5-diphenylthiopyrone (LXX) with either ethyl or methyl
iodide in the presence of sodium in methanol. The thiopyrone (LXX)
was obtained by reacting a solution of dibenzyl ketone in carbon
disulfide with finely powdered potassium hydroxide at 0° for one and
one-half hours. The reaction was completed by refluxing the reaction
mixture in a steam bath for four hours. Conversion of LXXI to the sul¬
fur analog (LXXII) was accomplished by treatment of the ketone with
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phosphorus pentasulfide in either pyridine or refluxing benzene. Treat¬
ment of the 4-thiothiopyrone with excess methyl or ethyl iodide or
OO
Meerwein's reagent gave the thiopyrylium salt (LXXIII).
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Teague's method was followed in our attempt to prepare a substi¬
tuted thiopyrylium tetrafluoroborate. The method was relatively short
and it provided a thiopyrylium salt that was fully substituted.
A solution of dibenzyl ketone in carbon disulfide was reacted
with potassium hydroxide to give the dipotassium salt of the dithiol (LXX).
The dithiol was precipitated by acidification with concentrated hydro¬
chloric acid and recrystallized from chloroform to give bright red
crystals. The infrared spectrum showed a strong band at 1609 and 1570 cm-1
corresponding to the thiopyrone ring system.34 jhe peak at 3050 cm“^
corresponds to aromatic and olefinic C-H stretching while the peak at
2500 cm“^ was due to S-H stretching absorption. The absorption bonds in
the region 700-675 cm“^ are attributed to aromatic C-H out-of-plane
bending.
The nuclear magnetic resonance spectrum showed peaks at 7.6-7.4 (m)
and 1.6 (s) delta corresponding to aromatic and thiol protons respectively.
The dithiol was reacted with methyl iodide in the presence of sodium
in methanol to give 2,6-dimethylthio-3-5-diphenyl-4-thiopyrone (LXXI).
The dithiolalkyl (LXXXI), obtained in 82.9 percent yield, melted at 163-166°
as reported by Teague. The infrared spectrum showed the disappearance of
the thiol peak at 2500 cm"^ and the appearance of another peak at 2950 cm‘l
which is probably due to an assymmetrical C-H stretching mode of the methyl
group. The peaks at 1420 cm"^ and 1320 cm"l are also characteristic S-CH3
absorptions.^®
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The color change from bright red in LXX to light yellow in LXXI was
also observed by Schonberg and Asker^^ and is a further ponfirmation of
the identities of LXX and LXXI.
Refluxing of LXXI with excess phosphorus pentasulfide in dry pyri¬
dine and recrystallization of the crude product in toluene gave an 80
percent yield of a bright green product (LXXII). The melting point of
245-247° agreed with that reported by Teague.The infrared spectrum
showed the disappearance of the carbonyl peak’s at 1609 cm“^ and 1570 cm"^
and the appearance of strong thiocarbonyl peaks at 1140 cm"^ and 1275 cm"\
The thiopyrylium tetrafluoroborate (LXXIII) was obtained by the
general procedure for alkylations employing silver salts described by
Young.2,4,6-Trimethylthio-3,5-diphenylthiopyrylium tetrafluoroborate
(LXXIII) was obtained as orange crystals in 85 percent yield, melting at
266-268°. The melting point was in agreement with that reported by
Teague. The infrared spectrum showed the disappearance of the thiocarbonyl
peaks at 1140 and 1275 cm"^ and the appearance of peaks at 1310, 1345,
1430, and 1480 cm“^ which are a characteristic of S-CH3 absorption. The
ultraviolet spectrum in ethanol shows three maxima at xmax 304, 255, and
195 my, which is in agreement with the data reported in the literature.
QQ
These maxima are slightly higher than those reported by Yoshida et al.
for unsubstituted thiopyrylium ions due to the greater degree of conjugation
in LXIII which shifts the absorption bands to higher wave lengths.
The nuclear magnetic resonance spectrum of the thiopyrylium tetra¬
fluoroborate showed three peaks. The absorption at 7.5-7.3 delta is
characteristic of aromatic protons while those at 2.8 (6H) and 1.6 {3H)
delta represent the thiomethyl protons. The nuclear magnetic resonance
also reveals that the three thiomethyl groups are not equivalent. The
29
peak at 2.88 probably represents the two equivalent thiomethyl groups
adjacent to the hetero atom.
An ether solution of the thiopyrylium tetrafluoroborate was
treated with excess phenyl lithium and the excess phenyl lithium de¬
composed with an ice cold saturated aqueous solution of ammonium chloride.
Vacuum evaporation of the ether layer followed by washing of the dark
red-brown concentrate with petroleum ether gave a yellow-brown residue.
The residue was dissolved in benzene and the clear red solution freeze-
dried to leave 10 percent yield of a brown amorphous powder (LXXIV) which
analyzed for C24H2qS20^ with a 80-90° softening point and a melting point
at 140°-150°. The compound C24H20S2O4 fiiust have been formed from the
thiopyrylium tetrafluoroborate as follows:
The mass spectrum of LXXIV gave a molecular ion peak at m/e 438.
This is close to the theoretical molecular weight of 436 for LXXIV and is
indicative of the monomeric nature of LXXIV.
This substance is quite similar in physical characteristics to the
thiabenzenes and thianapthalenes prepared by Price et al.^^ Like Price's
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thiabenzenes and thianaphthalenes, it is a brown, amorphous solid and it
forms red solutions in carbon tetrachloride and benzenes. Unlike
1,2,4,6-tetraphenylthiabenzene, it is stable to heat, oxygen, and light.
While the color of the tetraphenylthiabenzene slowly faded when exposed
to air and light, 2,6-dihydroxy 4-methylsulfinyl-l,3,5-triphenylthiabenzene
oxide (LXXIV) maintained its color when kept for months at room temperature.
The lack of stability of 1,2,4,6-tetraphenylthiabenzene was attributed
by Price ^ aT^.to steric hindrance of the two o^-phenyl groups, which
prevented the S-phenyl group from being coplanar with the thiabenzene ring.
The stability of 1-phenylthiabenzene and other thiabenzenes was attributed
to the lack of such steric hindrance. The stability of the substituted
thiabenzene which we have prepared must be due to the fact that the hydroxyl
groups on the 2- and 6- positions are less bulky than the o^-phenyl groups
and therefore permits the S-phenyl group to be coplanar with the thiabenzene
ring. This allows the substituted thiabenzene, LXXIV, to involve more
effective rehybridization of the sulfur atom with sp^ orbitals for the
sigma bonds, the 3d— orbitals for the unshared pair of electrons, and the
3p-orbitals for cyclic conjugation. The result is 2p-3p ir bonding which
provides better overlap and a more stable molecule.
The infrared spectrum (CHCI3) of C24H20S2O4 shows peaks at 800, 850,
875, 725, and 675 cm"^ corresponding to C-H out-of-plane bending of
substituted benzenes.^® The spectrum also has bands at 2860 and 2975 cm"^
which are characteristic of C-H stretching vibrations from the thiomethyl
group. There are peaks at 1410, 1475, 1510 and 1600 cm"^ which are all
characteristic of the C-C skeletal in-plane vibrations of conjugated rings.
There is a strong band at 3030 cm“^ which is typical of aromatic C-H
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Stretching modes while two strong bands which appear at 3620 and 3675 cm"l
are characteristic of hydroxyl groups. Two other very strong bands at
1225 and 1050 cm”^ are characteristic of C-0 stretching vibrations of phe¬
nols,while a prominent band at 1040 cm“^ represents the S-0 stretching
band of sulfoxides.^^
The nuclear magnetic resonance spectrum of C24H20S2O4 in carbon
tetrachloride showed a broad peak centered at 7.25 delta (17H) and another
broad peak centered at 2.35 delta (3H). The broad peak at 7.25 delta
is characteristic of aromatic type protons and represents absorptions
by protons in the benzene rings and the phenolic type protons of the
hydroxyl groups. The peak at 2.35 delta represents the thiomethyl protons.




The ultraviolet spectrum (in ethanol) of LXXIV showed xmax (log e)
193 (4.8760) and 260 (s) (4.0058) my. The spectrum is similar to that
of diphenyl^^ which has a peak at 205 (water) and 250 my (log 4.26).
The band at 193 corresponds to the E bands of benzene^^ (xmax ca. 180 my,
emax 60,000). These bands are characteristic of aromatic structures and
their origin is ascribed to electronic transitions in the benzenoid
system of three ethylenic bonds in closed conjugation^^ as is found
in LXXIV. The band at 260 my (E 10,140) corresponds to the K band of
diphenyl at 250 my. It is more likely that the band is a B band since
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B bands in benzene absorb at 256 my and have intensities of about 200.
However, the presence of the hetero atom and the attachment of thiomethyl,
hydroxyl, and phenyl groups produces a strong bathochromic shift of the
B-band and causes its appearance at wavelengths longer than the more
intense K bands.The K bands appear in the spectra of aromatic
molecules possessing chromophoric substitution, result from tt—
transitions, and are characterized by high molar absorb!tivity, i.e.,
e max > 10,000. Therefore, the peak at 260 my (ie max 75,160) is evidence
for the aromatic nature of C24H20S2O4 and its highly conjugated nature.
If LXXIV is accurately described as a conjugated aromatic system,
then Kekule structures can be written involving cyclic conjugation in








All evidence from the spectral data point towards cyclic conjugation,
as well as a monomeric structure for C24H20S2O4 which can be represented
by the above structures.
EXPERIMENTAL
Nuclear magnetic resonance (nmr) spectra were recorded on a Varian
Associates A-60A spectrometer using deuteriochloroform solution. Chemical
shifts (6) are reported in ppm downfield from internal tetramethylsilane.
A Beckman IR-5A infrared spectrometer was used to record infrared spectra.
Unless otherwise stated, spectra were obtained on potassium bromide (KBr)
pellets, or in chloroform or carbon tetrachloride solutions. Only the
most prominent absorption bands in the spectrum are listed. The spectra
were calibrated against the 6.24y band of polystyrene film. The follow¬
ing abbreviations are used for infrared spectra: vs = very strong, s =
strong, m = medium, w = weak. Melting points were determined using a
Thomas-Hoover melting point apparatus and are uncorrected.
Removal of solvents in vacuo or at the flash evaporator refers to
evaporation at aspirator pressure on a Buchler rotatory evaporator.
Ultraviolet spectra were measured using a Cary 17 Spectrometer.
Elemental analyses were performed by Galbraith Microanalytical
Laboratories, Knoxville, Tenn.
Mass spectra were run with a DuPont 21-490 Mass Spectrometer.
2,6-Dithiol-3,5-diphenylthiopyrone (LXX).—The method followed was
that of Teague.To a vigorously stirred solution of 50.0 g (0.238 m) of
dibenzyl ketone in 250 ml of carbon disulfide at 0° was added 60 g (1.1 m)
of finely powdered potassium hydroxide. A bright orange mixture was
formed and after 90 min at 0°, the mixture turned red-brown. The reaction
was completed by refluxing the solution for 4 hr on a steam bath.
Excess carbon disulfide was removed with the aid of a water aspirator.
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and the residual dipotassium salt was dissolved in water. Non-ionic
material was removed by extraction of the water solution with ether and
the crude product was obtained by acidification of the cold aqueous
solution with concentrated hydrochloric acid. An oily brown mass was
precipitated with the evolution of hydrogen sulfide gas. The oil
crystallized on standing overnight, giving 56 g (71%) of crude product.
The crude product was recrystallized from chloroform and a bright red
product melting at 163-165° was obtained (lit.^^ mp 165°). The ir
spectrum of the material (KBr) gave peaks at 3050(w), 2500(w), 1609(s),
1570(m), 1460(w), 1370(s), 1320{s), 1200(s), 980(m), 940(s), 850(s),
775(w), 760(w), 740(m), 710(s), and 695(s) cm“^. The nmr spectrum showed
2 peaks at 7.6-7.4(m) and 1.6 6.2.6-Dimethylthio-3,5-diphenyl-4 thiothiopyrone(LXXI).--The method fol¬
lowed was as described by Apitzsch.^^ Sodium (1.7 g) was dissolved in
100 g of absolute methanol. Methyl iodide (8 g) was then added, followed
by 10 g of the dithiol. The mixture was stirred and 9 g of light yellow
precipitate of the ether was produced. The reaction was exothermic. The
product was recrystallized from methanol. The recrystallized product
melted at 163-166° (lit.33 mp 167°). The major ir peaks (CHCI3) occurred
at 3050(s), 2950(s), 1580(s), 1540(m), 1480(w), 1420(m), 1340(m), 1320(w),
1210(s), 1175(w), 920(m), 870(w), 795(w), 755(m), 725(m), 695(s) and
645(m) cm"^.2.6-Dimethylthio-3,5-diphenyl 4-thiopyrone (LXXII).--The method
described by Teague^^ was followed. A mixture of 12 g of thiopyrone and
excess phosphorus pentasulfide in 240 ml of dry pyridine was vigorously
stirred and refluxed for 1 hr. The pyridine had been dried overnight
over calcium hydride. After complete reaction, the hot mixture was
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poured into 1.2 1 of water forming a viscuous green precipitate. The
precipitate was recrystallized from toluene, yielding 10 g (80%) of a
bright green product, mp 245-247° (lit.^^ mp 252°).
The ir spectrum of the product (KBr) gave peaks at 3050(w), 2900(w),
1495(s), 1480(s), 1430(m), 1335(m), 1310(w), 1275(s), 1140(s), 1070(w),
1025(w), 935(m), 1048{w), 790(s), 740(s), and 695(m) cm-l.
Silver Tetrafluoroborate-Acetonitrile-AgBFa-[4CH3CN].—The procedure
employed was that described by Young.Silver tetrafluoroborate (10 g)
was dissolved in a minimum amount of acetonitrile and absolute ether
(dried over calcium hydride) was added. A greyish white precipitate
of the composition AgBF4’C4CH2CN] was formed. It was dried over Drierite
at room temperature, yield 16.0 g (86.9%).
2,4,6-Trimethylthio-3,5-diphenylthiopyrylium tetrafluoroborate (LXXIII).
-- The general procedure for alkylations employing silver salts was employed
here.To a stirred solution 11.72 g (0.0315 m) of the thiothiopyrone and
22.0 g (0.155 m) of methyl iodide in 100 ml of methylene chloride and 50 ml
of nitromethane was added to a solution of 11.15 g (0.0310 m) of AgBF4*
[4CH3CN] in 100 ml of nitromethane. The flask was wrapped in aluminum foil
to avoid exposure to light, and the reaction mixture was then stirred at
room temperature for 18 hr. The yellow precipitate which formed was re¬
moved by filtration, washed with ether and air dried to give 7.0 g (96.7%)
of silver iodide. The filtration was diluted with 1 1 of anhydrous ether to
precipitate the thiapyrylium salt which after air drying weight was 12.7 g
(85%). Recrystallization from acetonitrile ether gave orange crystals
(mp 266-268°). The ultraviolet spectrum (ethanol) gave 3 peaks: xmax
195 my log e (4.8296), 255 my log e (4.1191), and 304 my log e (4.2333).
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The ir spectrum (KBr) showed peaks at 3020(w), 2950(w), 1480(m), 1430(w),
1345(w), 1310(s), 1065(s), 1020{w), 955(w), 705{m), and 745(m) cm'\
The nmr spectrum (CDCI3) showed 3 peaks at 7.5-7.3 (lOH), 7.2 (6H) and
8.4 (3H).
2,6 Dihydroxy 4-meth.y1su1finy1-1,3,5 triphenylthiabenzene-l-oxide
0-XXIV).— The method followed is that of Polk® slightly modified.A
500 ml flask was first of all purged of air with nitrogen. The thiopyry-
lium salt (2 g, 4.22 m) was suspended in 200 ml of anhydrous ether (dried
over calcium hydride) in the flask. Nitrogen was again introduced into
the flask through a syringe needle passed through a serum cap. Another
syringe needle served as an outlet. Phenyllithium (30 ml, 2.3M in ether-
benzene, Lithium Corporation of America) was added slowly with stirring.
The color of the solution became dark brown. The mixture was allowed to
stir for 1 hr after the addition was completed. An ice-cold saturated
ammonium chloride solution was added slowly with external cooling to de¬
compose the excess phenyllithium. The aqueous layer together with an in¬
soluble product was separated and discarded. The ether layer was dried
overnight over anhydrous magnesium sulfate and evaporated in vacuo at
room temperature. Anhydrous ether (40 ml) was added to the oily residue.
The red solution was filtered from some insoluble material and cooled
in an acetone Dry-Ice mixture before adding 100ml of cold petroleum
ether (bp 38.1-47.4°). The brown solid which precipitated was collected
by filtration, washed with petroleum ether, and then freeze-dried from
benzene. It was finally redried in an Abderhalden to yield 180 mg (10%)
2,6-dihydroxy-4-methylsulfinyl 1,3,5-triphenyl thiabenzene-1-oxide
(softening point 80-90° and mp 140-150°).
38
The uv spectrum in ethanol showed Xmax (log e) at 193 (4.8760) and
260 my (4.0058) and major ir (CHCl^) absorption bands occurred at 3675(s),
3620(s), 2975(m), 2960(m), 1600(w), 1510(s), 1475(m), 1410(s), 1225(vs),
1040(s), 850(w), 800(vs), 725(vs), and 675(vs) cm-1.
The nmr spectrum showed 2 broad peaks centered at 7.25 (17H) and
2.35 6 (3H).
Anal. Calcd for C24H20S2O4: C, 66.05; H, 4.59; S, 14.68; 0, 14.68.
Found: C, 63.60; H, 5.47; S, 14.97; 0, 16.36.
Mass spectrum showed the following mass peaks:















Attempted Synthesis of 4-Chlorothiopyrylium Chloride.— The method
followed was that of Faust.'^^ Tetrahydrothiopyran-4-one (1 g) was dissolved
in 15 ml of benzene (dried over calcium hydride) and refluxed for 2 hr with
2 g of phosphorus pentachloride. The mixture turned black when refluxed
even for a few min instead of forming colorless crystals as reported.
Refluxing was repeated using dry carbon tetrachloride and methylene chloride
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as solvents. No yellow product was formed. In each case a black tarry
substance was formed. The project was then abandoned since a search
of the literature did not turn up any specific reaction conditions.
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